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We investigated the timing of podofilox delivery to see how 
it correlated with papilloma size. We looked at times ranging 
from once per week (morning and afternoon) to five times 
per week (morning and afternoon). We also looked at deliv-
ery systems that might enhance the effectiveness of the drug 
by increasing penetration of the overlying cutaneous horn. 
These included soaking prior to drug administration, the use 
of a grooved needle subsequent to drug administration, and 
the various possible combinations of these techniques. We 
found that the timing of treatments had relatively little effect 
on the size of the papillomas. For example, at the end of 
ten weeks, the geometric mean diameter (GMD) (mm) of 
the papillomas treated five times per week and induced 
by a 10- 1 dilution of the virus (group B) was 18. Likewise, 
H uman papillomaviruses have been implicated in the development of some cutaneous and genital cancers [1]. Condylomas of the external genitalia have been treated with a variety of agents, including surgery, lasers, interferon, and topical application of extracts 
from the plant, PodophylluIn sp. Thus far, no treatment for condylo-
mata is completely satisfactory, as there is a high rate of partial 
response and recurrences. 
Improvements in the treatment of any disease often rely upon 
animal model systems that can mimic at leas t some of the most 
important aspects of the human condition. The Shope papilloma is a 
natural infection of midwestern cottontails [2] and is induced by the 
cottontail rabbit papillomavirus (CRPV). Papillomas induced by 
this virus in domestic rabbits are similar to human condylomata in 
appearance, behavior, and response to treatment. We have recently 
used the Shope papilloma as a model system for evaluating treat-
ment with an experimental acyclic nucleotide [3] and topical podo-
nlox [4] . In the latter study, we examined the relationships of drug 
dose and therapeutic response. We also examined the influence of 
the duration of papilloma growth prior to treatment. We found that 
response to treatment was dose related, and the growth of papilloma 
of ages 7, 21, or 60 d after infection was strongly inhibited. 
The purpose of the present study was to continue our investiga-
tion of variables that might determine the effectiveness of topical 
podonlox. Specifically, we evaluated treatment schedules and sev-
eral strategies that were designed to maximize the penetration of 
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the GMD (mm) of papillomas treated once per week was 18 
(group D). 
On the other hand, we found that soaking plus the use of a 
grooved needle plus podofilox resulted in the curing of all 
lesions induced by a 10-2 virus dilution and of most induced 
by the 10-1 dilution, whereas soak plus podofilox or podofi-
lox alone were not as effective in curing the lesions. Podofi-
lox plus needle approached the soak plus podofilox plus nee-
dle in effectiveness. Treatment schedule was not a critical 
determinant of podofilox effectiveness. Therapeutic benefits 
were enhanced by hydration of the overlying cutaneous horn 
and penetration with a grooved needle. Key words: podofi-
lox/Shope papilloma/drug administration. ] Invest Dermatol 
101 :614-618, 1993 
drug through the overlying cutaneous horn into the lower, living 
layers of the papilloma. 
MATERIALS AND METHODS 
Animals Male and female N ew Zealand White rabbits were used. They 
were individually housed and fed lab chow ad libitulII and supplemented with 
fresh kale weekly. Rabbits were inoculated on the dorsum with CRPV at 
freshly scarified sites. Scarification was accomplished with a new scalpel 
blade scraped at right angles to the skin surface. Foursites were prepared, two 
on each dorsal side of the vertebral column. The two anterior sites received 
CRPV at a final dilution of 10- 1 and the two posterior sites were given 10- 2 • 
Only the left-sided papillomas were treated with podofilox. The right-sided 
papillomas were untreated and served as integral controls. Podofilox (Oclas-
sen Pharmaceuticals, Inc., San Rafael , CAl was ad ministered at a concentra-
tion of 5.0%. It was dissolved in ethanol with sodium lactate (4 .6 g/ml) and 
lactic acid (0.05 ,ug/ml) and applied in a volume of 1 00 ,ul, dropwise, to cover 
the papilloma. Treatments usually were given for a tota l of 3 weeks' dura-
tion. Rabbits were prevented from licking or chewing the papillomas 
through the use of "Elizabethan" collars. Bifurcated (grooved) need les were 
obtained from ALO Laboratories, Inc., Columbus, Ohio. 
Papillomas were measured in three dimensions each week and the geo-
metric mean diameter (GMD) was calculated as the product of the three 
diameters. A computer program was used to calculate the mean ± ± SEM for 
each experimental group. Significance of differences observed was estimated 
with Student t test. 
Cottontail Rabbit Papillomavirus A 10% (w/v) extract was prepared 
by high-speed homogenization in phosphate-buffered saline and clarifica-
tion by low-speed centrifuga tion. Since t 968 it has been aliquotted and 
stored at -70·C with no loss in infectivity. 
Mode of Administration We compared several different methods of 
administration of podofilox. The soaking technique lIsed involved applying 
several tap water-soaked 4 X 4-cm gauze squares, and fixing them in place 
with a simple harness composed of paper clips and very long rubber bands 
that passed beneath the rabbits' abdomen. The gentle traction of the rubber 
bands kept the gauze pads tightly opposed to the papilloma surface for about 
0022-202X/93/S06.00 Copyright © 1993 by The Society for Investigative Dermatology, Inc. 
614 
.1 
VOL. 101, NO. 4 OCTOBER 1993 
-E 
E 
- 40 O-OGroup 8 - Sile II 0: 
• -. Group B-SileRI UJ 
l-
UJ 30 ~ 
<!: 
-Cl 
Z 20 
<!: 
UJ 
~ 
(.) 10 
0: 
I-
UJ 
~ 
0 0 3 4 5 6 7 8 9 10 1 1 12 13 
UJ 
CJ WEEKS 
. 1 Comparison of the geometric mean diameter of untreated (.) FIgure . . . d d . I 10- 1 d·1 . 
h bbit papillomas and contralateral lesIOns 111 uce Wit 1 I utlon S ope ra . . hell . 
f · and plotted as a functIOn of the week of papilloma growt ro OW111g o VIruS d· I d· I h I· I infection and treated with 5.0% podofilox (0) ISSO ve 111 a co 0 IC so vent 
I B). Beginning at 3 weeks after ViruS 111fectlon, treatments were ap-
11~~:t topica lly, morning and afternoon, five times per week fo~ a total 
p . of 3 weeks. Each symbol represents the mean ± SEM (vertical bars) 
duration f fi bb· D C 10- 2 d·1 
f he weekly measurements on a group 0 ve ra ItS. ata ror I u-c t ··1 d h tion of virus are Simi ar an not sown. 
10 min. At the end of this period, the gauze was removed and the drugs were 
administered. . f d d 
The second variable studied was the repeated penetration o. rug-~oate 
a illomas by specially designed need les for cutaneous adml\1lst~atlOn of 
7 p p. in allergy testing screens. These nccdles possess broad tipS and a 
an tigens . I I k· c d · 
grOOve designed to carry soluble antigens thdrou
g 1 t les -111 surralce an .lllnto 
the epi thelial layers. The broad tip precl~de PfelhletratlOn Ibn Ito t lc
d
Papl ary 
derrnis . W e studied a vanety of permutations 0 ht ese valna eslto e
l
ternl1ne 
whether some combinations were superiofir todt e ~sua .roplca aP
I
P ~ catlOnd· 
Treatments were begun on the twenty- rst ay arter ViruS 1110CU atlon an 
, iven morning and afternoon, weekends excluded, for a tota l of 3 ::~~s~ Podofilox (100 )iI/site) was dissolved in solvent as described in the 
I 
f 
preceding section. 
RESULTS 
cotnparative Effectiveness of Frequency of Podofilox 
T atment on the Growth of Shope Papillomas W e tested 
:ee importance of the frequency of topical application of 5.0% 
( dofilox. Four different treatment schedules w ere compared at ~~rious weeks after virus infectio n (week 0) . I.n group A, no treat-
ments were g iven. Papillomas induced by the 11l~hest dose of CRPV 
w faster than those mduced by the lower virus dose, and there ~:re no differences in the growth of the untreated papillomas of th e 
left or right sides. Group A was designed as a non-drug-tre~ted 
control to control for any effects the drug in Groups B - E might 
have on the untreated (Rl, R2) papillomas . No dtlference was ob-
served and so, in the interest ofbreviry, the group A g:aphs .are not 
included. Group B received podofilox only on the left Side (Fig 1). It 
was given in both the morning and the afternoon, 5 d per week for a 
total duration of 3 weeks. These treatments completely arrested 
papilloma g rowth for the first 4 weeks, but growth resumed on the 
fifth week, 2 w eeks after the cessation of treatment. The subsequent 
rate of growth of the treated papillomas subsequently closely paral-
leled the growth of the untreated, contralateral papillomas. The 
degree of growth retardation was approximately equivalent at both 
virus doses (10- 1 dtlution on ly shown). Group C rabbits were 
treated morning and afternoon, three times per week for a duration 
of 3 weeks (Fig 2). Papilloma g rowth arres t for both high and low 
virus doses was very similar to that obtained in group B (only l11gh 
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Figure 2. Comparison of the geometric mean diameter of untreated (.) 
Shope rabbit papillomas and contralatera l lesions induced with 10- 1 dilution 
of virus and plotted as a function of the week of papilloma growth followin g 
infection and treated with 5.0% podofilox (0) dissolved in alcoholic solvent 
(group C). Beginning at 3 weeks after virus infection, treatments were ap-
plied topically, morning and afternoon, three times per week for a total 
duration of3 weeks. Each symbol represents the mean ± SEM (llertica l bars) 
of the weekly measurements on a group of five rabbits. Data for 10- 2 dilu-
tion of virus are similar and not shown. 
dose shown}. G roup D rabbits were treated morning and afternoon , 
once per week for a total duration of 3 weeks (Fig 3). Again, papil-
loma growth arres t was obtained at both virus doses, but normal 
growth rate resumed about 1 week sooner than w ith the less rigor-
ous previous treatment schedules. Group E was treated mornings 
only, five times per w eek for a total duration of 3 weeks (Fig 4). 
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Figure 3. Comparison of the geometric mean diameter of untreated (.) 
Shope rabbit papillomas and contralateral lesions induced with 10- 1 dilution 
of virus and plotted as a function of the week of papilloma growth fo llowing 
infection and treated with 5.0% podofilox (0) dissolved in alcoholic solvent 
(group D) . Beginning at 3 wceks after virus infection, treatments were ap-
plied topically, morning and afternoon, once perwcek for a total duration of 
3 weeks. Each symbol represents the mean ± SEM (llertical bars) of the 
weekly measurements on a group of five rabbits. Data for 10- 2 dil ution of 
virus are similar and not shown. 
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Figure 4. Comparison of the geometric mean diameter of untreated (e) 
Shope rabbit papillomas and contralateral lesions induced with 10- 1 dilution 
of virus and plotted as a function of the week of papilloma growth following 
infection, and treated with 5.0% podofil ox (0 ) dissolved in alcoholic solvent 
(grollp E). Beginning at 3 weeks after virus infec tion, treatments were ap-
plied topica lly, morning only, fi ve times per week fo r a total duration of 3 
weeks. Each symbol represen ts the mean ± SEM (Ilcrt ical bars) of the weekly 
measurements on a group of five rabbits. Data for 10- 2 dilution of virus are 
similar and not shown. 
Grow th arres t of papillomas derived from either virus dose was very 
similar in degree and duration to that obtained when treatments 
were the same, except tw ice per day (Fi g 1). W e conclude that the 
effective ness of topical podofil ox extends across a broad range of 
treatment schedules, w ith only sli ght differences in th e duration of 
growth arrest fo llowing cessation of treatment. 
Mode of Administration of Podo61ox T he purpose of this 
experiment was to evaluate certain methods of administering podo-
fil ox that might be more effective th an simple topical application. 
Papi llomas of both humans and rabbits are often overlaid w ith an 
extensive cutaneous horn. This material provides a formidable ob-
stacle to dru g penetrance and to delivery to the underlying living 
epithelial layers. W e explored two methods of overcoming this 
obstacl e. T he fi rst was thoroughly soakin g the keratin horn with 
water prior to administ ra tion of podofi lox . The second was the use 
of a needl e speciall y designed to deliver dru g from the surface , down 
to the living layers. T he following groups w ith treatment of left-
sided papillomas (Lt , L2) were studied in this experiment: A, soak 
only; B , soak + need le only; C, soak + podofilox; D, podofilox 
only; E, need le + podofil ox; F, soak + need le + podofil ox . 
The results are presented in Figs 5- 10. T he first graph (Fig 5) 
demonstrates that soakll1g alone o f the left-sided L 1 papillomas in 
Group A did not alter papill oma growth wh en compared with the 
contralateral, untreated Rl papillomas induced wi th the same dose 
(10- 1) of virus. At the lower dose (10- 2) of virus, papill oma growth 
again was not altered by soaking alone (data not shown). When a 
combination of soakin g and needle penetration was applied in group 
B, the hi gh virus dose papillomas (Fig 6 , Lt) show ed a slight but not 
significant diminution in growth rates. This may have been the 
result of some damage to the vessel s and nerves in the papill ary 
cores. With this same treatment variable, the low-dose papillomas 
showed no persistent effects on growth (data not shown) . There was 
a transient increase in size for the duration of trea tments in the 
left-s ided papillomas. G roup C papillomas were treated with a com-
bina tion of soak in g and podofilox. Compared to the contra lateral 
untreated contro ls, there was a strong and highly significant (p < 
0.001) inhibition of the growth of the papillomas. Both high and 
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Figure 5. Comparison .of the geometric mean diameter of untreated (e), 
right-sIded Shope rabbIt paptllomas and contralateral, left-sided lesions 
treated WIth soak only (0 ) (g roup A) and plotted as a fu nction of the week of 
papilloma growth following infec tion. Papi llomas were induced in dupli-
cate on each SIde of the back WIth CRPV at 10- 1 (shown) Or 10- 2 (not 
shown) dilution of virus. Each symbol represents the mean ± SEM (vertical 
bars) of the weekly measurement on groups of fi ve rabbits. 
low virus dose papillomas were affected (see Fig 7 fo r high dose); 
the latter were almost compl etely ellmlllated. Group D papillom as 
were treated With podofil ox alone. T he growth of papillomas w as 
again strongly inhibited (Fig 8). When compared to the papillom as 
111 group C , treated w ith a combination of soaking and podofil ox 
(Fig 7), no contribution of soaking to the treatment benefits could 
be discerned. T herefore , soaking did not improve podofil ox treat-
ment. The next experimental group was designed to tes t the no tion 
that needle punctures after podofil ox application would improve 
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Figure 6. Comparison.of the geometric mean diameter of untreated (.), 
nght-slded Shope rabbit papIllomas and contralatera l, left-sided lesious 
treated with soak and needle punctures only (0 ) (gro llp B) and plotted as a 
fun ctIO n of the. week of paptl loma gr~wth fo llowing infec tion. Papi llomas 
were lIlduced III duphcate on each SIde of the back with CRPV at 10- 1 
(shown) or 10- 2 (not shown) dilution of virus. Each symbol represents the 
mean ± SEM (Ilertica l bars) of the weekly measurement on groups of five 
rabbits. 
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Figure 7. Comparison of the geometric mean diameter of untreated (e), 
ri ht- sided Shope rabbit papillomas and contralateral. left-sided I ~s io ns ~ated w ith soak + 5% podofi lox (O) (grollp C) and plotted as a funCtIon of 
~he w eek of papilloma growth following. infec tion. Papi llomas were induced 
. duplicate on each side of the back with CRPV at 10- 1 (shown) or 10- 2 
tot show n} dilution of virus. Each symbol represents the mean ± SEM 
(vertica l bars) of the weekly measurement on groups of five rabbits. 
the treatments. The papillomas in group E, both at high and low 
(Fig 9) virus doses , w ere strongly suppressed by the combmatlOn 
treatments. In fact, at low virus dose, the papillomas were all cured . 
T h e refo re, w e concluded that needle puncture fo llowing podofilox 
treatment improves the benefits. The fina l treatment, group F, w as 
des i g n ed to determine if the combination of soaking, needle punc-
rures , and podofilox applica tio ns w as superior to any of the preced-
in g groups. The results (Fi g 10) indicated that ? oth high- and l<,>w-
dose papillomas w ere suppressed . The suppressIOn o f the high ViruS 
dose was the most dramatic see n in any of the treatment groups. The 
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Figure 8. Comparisollof the. geometric mean diameter of untreated .(e). 
right-sided Shope rabbit papIllomas and contralateral, left-sided lesions 
treated with 5% podofi lox only (O) (grollp D) and plotted as a function of the 
week of papilloma growth following infec tion. Papillomas were induced in 
duplicate on each side of the back with CRPV at 10- 1 (shown) or 10- 2 (not 
shown) dilution of virus. Each symbol represents the mean ± SEM (I/ertica l 
bars) o f the weekly measurement on groups of fi ve rabbits. 
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Figure 9. Comparison of the geometric mean diameter of un treated (e) , 
right-sided Shope rabbit papillomas and contralateral, left-sided lesions 
treated with needle punctures + 5% podofilox (g rollp E) and plotted as a 
function of the week of papilloma growth following infection. Papillomas 
were induced in duplicate on each side of the back with CRPV at 10- 1 (lipper 
graph) or 10- 2 (lower graph) dilution of virus. Each symbol represents the 
mean ± SEM (vertica l bars) of the weekl y measurement on groups of five 
rabbits. 
low-dose papillo mas w ere all cured , as w ere m ost of the hi gh-dose 
papillomas . 
DISCU SSION 
Podofilox is useful fo r treatment of genital condylom as [6,8), but it 
IS not completely effective [5,7]. It is possible that changes in th e 
schedule and m ode of administratio n could significantly enhance 
the therapeutic index . C linical trials could evaluate these variables, 
but an .animal model might be faster, cheaper , and provide less 
van abt!lty 111 outcome. W e have recently described an animal model 
system using the Shope rabbit papilloma for eva luating podo filox 
treatments [4]. In that study we fo und that therapeutic effectiveness 
was directly proport ional to drug concentration. Podofil ox was also 
effective against a broad range o f papill oma size and duration of 
prior growth. U sing South ern blo ts or polymerase chain reactio n, 
we could not detect res idual papillo mavirus DNA in the sites o nce 
occupied by papillo mas. T oxicity was only evident as inflammatio n 
and superficial erosions. These sites rapidly healed com pletely 
witho ut scarring. Podo fil ox d id not alter the specific an tibody rc-
spo nse to papillomavirlls virions. 
In the prescnt experiments , w e have compared several treatment 
schedul es in attempts to define an optimum. W e evaluated sched-
ules in which drug w as given once or twice per day, or 1, 3, or 5 d 
per w eek. All o f the schedul e permutatio ns were approximately 
equal in effectiveness, so schedule w ithin the parameters we exam-
ined was no t a maj or determinant of benefit. A schedul e var iabl e 
that has not ye t bee n evaluated is the duration of treatment. In all 
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Figure 10. Comparison of the geometric mean diameter of untreated (e), 
ri g ht-sided Shope rabbit papillomas and contralateral, left-sided lesions 
treated with soak + needle punctures + 5% podofilox (0) (group F) and 
plotted as a function of the week of papilloma growth following infection. 
Papillomas were induced in duplicate on each side of the back with CRPV at 
10- 1 (upper graph) or 10- 2 (lower graph) dilution of virus. Each symbol 
represents the mean ± SEM (vertical bars) of the weekly measurement on 
groups of five rabbits. 
schedules thus far studied, podofilox was only given for 3 weeks 
total. It is likely that treatment beyond this point would be more 
effective. 
We have also explored one of the factors that could limit the 
effectiveness of podofilox treatments. The investment of cutaneous 
horn that covers genital papillomas and Shope papillomas provides a 
barrier to the penetrance of some topically applied agents. Curettage 
in the physician's office can eliminate most of the horn, but could 
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reduce patient acceptance and defeat any attempts at self-adminis_ 
tration. It seemed reasonable that soaking with water might im-
prove the effectiveness of topical podofilox, but we found no benefit 
of prior soaking when added to podofilox treatment. Previous study 
has demonstrated that bleomycin treatment of warts was enhanced 
when drug was delivered with a grooved needle [9]. We used the 
same needles to deliver podofilox to Shope papillomas. We found 
that papilloma soaking, podofilox, and needle punctures was the 
most effective treatment combination. Needle punctures and podo-
filox were slightly less effective than the above, but superior to 
podofilox alone. 
r.~ summary, we conc~ude t.h~t podofilox treatment of Shope 
paptllomas was relatively 1I1sensltlve to treatment schedule, with no 
great differences observed whether drug was applied once or twice 
per day, or once, three, or five times per week. We also found that 
prior soaking of papillomas with water did not improve the effec-
tiveness of podofilox treatment. However, a combination of soak-
ing followed by podofilox given with grooved needle punctures was 
more effective than podofilox plus soaking, and also appeared to be 
slightly more effective than podofilox plus needle puncture but 
without soak. 
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